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Abstract
Background: China’s two-child policy has led to a trend of aging in pregnancy which was associated with adverse outcomes. This
study aimed to identify the clinically cutoff maternal age for adverse obstetric outcomes in China.
Methods: This secondary analysis of a multicenter retrospective cohort study included data of childbearing women from 39
hospitals collected in urban China during 2011 to 2012. Logistic regression was used to assess the adjusted odds ratios (aOR) of
adverse outcomes in different age groups in comparison to women aged 20 to 24 years. The adjustments included the location of the
hospital, educational level, and residence status. Clinically cutoff age was defined as the age above which the aOR continuously
become both statistically (P< 0.05) and clinically (aOR> 2) significant.
Results:Overall, 108,059womenwere recruited. In primiparae, clinically cutoff maternal ages for gestational diabetes (aOR: 2.136,
95% confidence interval [CI]: 1.856–2.458, P< 0.001), placenta previa (aOR: 2.400, 95% CI: 1.863–3.090, P< 0.001), cesarean
section (aOR: 2.511, 95% CI: 2.341–2.694, P< 0.001), hypertensive disorder (aOR: 2.122, 95% CI: 1.753–2.569, P< 0.001),
post-partum hemorrhage (aOR: 2.129, 95% CI: 1.334–3.397, P< 0.001), and low birth weight (aOR: 2.174, 95% CI: 1.615–
2.927, P< 0.001) were 27, 31, 33, 37, 41, and 41 years, respectively. In multiparae, clinically cutoff ages for gestational diabetes
(aOR: 2.977, 95%CI: 1.808–4.904, P< 0.001), hypertensive disorder (aOR: 2.555, 95% CI: 1.836–3.554, P< 0.001), cesarean
section (aOR: 2.224, 95%CI: 1.952–2.534, P< 0.001), post-partum hemorrhage (aOR: 2.140, 95%CI: 1.472–3.110, P< 0.001),
placenta previa (aOR: 2.272, 95% CI: 1.375–3.756, P< 0.001), macrosomia (aOR: 2.215, 95% CI: 1.552–3.161, P< 0.001), and
neonatal asphyxia (aOR: 2.132, 95% CI: 1.461–3.110, P< 0.001) were 29, 31, 33, 35, 35, 41, and 41 years, respectively.
Conclusions: Early cutoff ages for gestational diabetes and cesarean section highlight a reasonable childbearing age in urban China.
The various optimized cutoff ages for different adverse pregnancy outcomes should be carefully considered in childbearing women.
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Introduction
Advanced maternal age is becoming a public health
concern and is associated with higher risks of cesarean
sections,[1-3] pregnancy complications, and adverse mater-
nal-fetal outcomes.[1-7] An aging childbearing population
is being observed worldwide.[7] The average maternal age
of primiparae in the United States increased from 24.9
years in 2004 to 26.3 years in 2014.[8] In China, the age
increased from 26.3 years in 2000 to 28.2 years in 2010.
China’s two-child policy in 2016 made 54 million women
over the age of 35 years eligible for a second child.
Multiparity and the number of mothers at an advanced age
are expected to increase. Therefore, it would be a potential
challenge for Chinese health policymakers and clinical
practitioners to do the allocation of health resources and
interventional strategies.[9,10]
There is no commonly accepted definition of advanced
maternal age, although it was simply identified as women
older than 35 years of age. Each adverse outcome had its
own risk trend withmaternal age.[11,12] Different threshold
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maternal ages (range, 25–41 years) were reported for
different maternal and neonatal adverse health out-
comes.[7] However, there has been no related investigation
on pregnant women in China.
In this study, we speculated that there are various clinically
cutoff maternal ages for different adverse pregnancy
outcomes. We aimed to identify the optimal clinically
cutoff maternal ages of each outcome for both primiparae
and multiparae in urban China.
Methods
Ethical approval
The study was performed in accordance with the Chinese
Ethical Standards of Human Experimentation and the
Declaration of Helsinki 1975 (revised in 2000). Data of
each patient was coded in an anonymous format and
extracted from the medical records. Privacy protection was
obtained. Institutional informed consent was also obtained
from the Ethics Committee at each participating center
(No. 2013–08). The need for personal informed consent
was waived because we were unable to contact the
participants due to the anonymous nature of the collected
data.
Population
This was a secondary analysis of a multicenter retrospec-
tive study of the Chinese Obstetric Pregnancy and Delivery
Collaborated Group. Methodological details are described
elsewhere.[13] Briefly, data were collected regarding all
births older than 24 gestational weeks between January 1,
2011 and December 31, 2012 at 39 centers in 14 Chinese
cities (Beijing, Shanghai, Xi’an, Nanjing, Jinan, Chengdu,
Shenyang, Wuhan, Guangzhou, Changchun, Urumqi,
Hohhot, Taiyuan, and Cangzhou), which were all
secondary or tertiary hospitals.
Inclusion and exclusion criteria
All women aged 20 to 50 years with a singleton pregnancy
and birth at hospitals were included. Women with missing
information on parity or maternal age were excluded.
Maternal age
Maternal age was defined as the age at delivery as
extracted from the medical records and discharge
summaries and was recorded as an integer.
Possible confounders
Possible confounders include parity, location of the
hospital, educational level, and residence status, self-
reported smoking and alcohol history, body mass index at
first antenatal visit, history of diabetes mellitus, chronic
hypertension, and abortion history.
Pre-specified subgroup analysis (nulliparous and multipa-
rous) was performed to determine parity-specific clinically
cutoff ages.
Regional heterogeneity (location of the hospital) is believed
to be related to disease prevalence.[14] Educational level
(bachelor’s degree or above, vocational school or senior
high school, and junior high school or below) is also
known to affect pregnancy complications.[15] Residence
status (local or migrant) has been reported to affect
maternal mortality and cause severe morbidity.[16] There-
fore, the formal analysis was adjusted for the location of
the hospital, residence status, and educational level with
pregnancy outcomes in our study, based on the findings
from previous scientific literature, because all factors had a
theoretical association with the outcomes.
History of self-reported smoking and alcohol consump-
tion, diabetes mellitus, and maternal chronic hypertension
may also affect the outcomes. These factors were not
adjusted in the logistic analysis because of their low
prevalence. We also did not adjust for abortion history and
body mass index at first antenatal visit because these
factors may only affect some outcomes [Table 1].
Outcomes
The following pregnancy outcomes were recorded: deliv-
ery method, pregnancy complications, and perinatal
outcomes. Estimated due dates were established using
the last menstrual dates and were confirmed by ultrasound
in the first trimester.
The mode of delivery was divided into the vaginal and
cesarean section. Cesarean section was not further
classified as an elective or emergency.
Pregnancy complications included pre-term birth, placenta
previa, placental abruption, placenta accreta, intra-hepatic
cholestasis during pregnancy, anemia, gestational diabetes,
hypertensive disorder, and post-partum hemorrhage.
Perinatal outcomes included low birth weight (birth weight
<2500 g), macrosomia (birth weight >4000 g), neonatal
asphyxia (1-min Apgar [appearance, pulse, grimace,
activity, and respiration] score 7), chromosome abnor-
malities (based on karyotyping), structural anomalies
(based on prenatal ultrasound and post-natal physical
examination), stillbirth, and transfer to the neonatal
intensive care unit (NICU).
Adverse pregnancy outcomes with the incidence of 1%
were excluded in further analyses; these outcomes included
placental abruption, placenta accreta, penetrative placenta,
implanted placenta, amniotic fluid embolism, pulmonary
embolism, intra-hepatic cholestasis of pregnancy, structural
abnormality, chromosome abnormality, and stillbirth.
Statistical analyses
SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was
used for statistical analysis. A two-tailed P-value <0.05
was defined as statistically significant. The Chi-squared
test was used to analyze the association between obstetric
outcomes and parity. Crude and adjusted logistic regres-
sion analyses were used to analyze the effects of maternal
age on pregnancy outcomes.
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Data were stratified according to the maternal age: the age
group of 20 to 24 years was the reference. Data were
divided into 2-year groups between 24 to 40 years of age
and those no less than 41 years was identified as one group
due to the small number of cases.
Logistic analysis was performed only for variables with
incidence larger than 10 times the degrees of freedom. Data
were stratified into primiparae and multiparae.
Statistically significant cutoff age was defined as the age at
the first significant adjusted odds ratio (aOR) after which
the aOR remained statistically significant (P< 0.05).
Clinically cutoff age was defined as the first significant
age after which the aOR remained no less than 2.[6]
Post-hoc subgroup analysis for maternal age and
GDM stratified by the body mass index (BMI) at the
first antenatal visit (18.5 kg/m2 BMI< 24 kg/m2 and
BMI≥ 24 kg/m2), was performed in primiparae. We
further assessed the interaction of BMI and maternal
age as continuous variables. Interaction effects were
calculated as relative excess risk interaction, synergy
index, and attributable proportion.
Results
Data of 117,330 pregnant women were obtained; 9271
(7.9%) of them had missing data about parity or maternal
age. Therefore, data of 108,059 (92.1%) pregnant women
were used for analysis, which included 87,714 (81.2%)
primiparae and 20,345 (18.8%) multiparae women.
Maternal demographic characteristics are summarized in
Table 1. Compared to multiparous women, primiparous
women were younger (31.14 ± 5.09 years vs.
27.64 ± 4.19 years), were more likely to be local residents
(61.637% vs. 71.353%), and had a higher educational
level (29.324% vs. 54.697%). Primiparous women had
lower incidence of placenta previa (1.106% vs. 1.769%),
anemia (5.627% vs. 8.548%), hypertensive disorder
(4.869% vs. 6.424%), pre-term birth (6.436% vs.
9.717%), low birth weight (5.695% vs. 7.211%),
macrosomia (5.125% vs. 6.311%), neonatal asphyxia
(2.803% vs. 4.173%), and NICU admissions (2.297% vs.
3.775%) in comparison with multiparous women, but
had higher rate of gestational diabetes (4.695% vs.
4.247%) and similar rate of post-partum hemorrhage
(3.578% vs. 3.731%) [Table 2].
To assess the effects of maternal age on adverse pregnancy
outcomes, the logistic analysis was performed. In the
unadjusted logistic analysis, compared to maternity during
20 to 24 years, older maternal age increased the risks of
cesarean section, the incidence of gestational diabetes
mellitus, hypertensive disorder, pre-term birth, and post-
partum hemorrhage, but decreased the risk of maternal
anemia, in both primiparous and multiparous women.
A positive linear rate of placenta previa was observed with
age in primiparae, in contrast to the “J”-shaped trend
in multiparae with the lowest point at 27 to 28 years
[Figure 1].
In logistic analysis adjusted for demographic character-
istics in primipara and multiparae, the respective signifi-
cant threshold ages were 25 years and 25 years for
cesarean section, 25 years and 25 years for placenta previa,
25 years and 27 years for gestational diabetes mellitus, 25
years and 37 years for placenta accrete spectrum, 31 years
and 27 years for gestational hypertension disorders, and
25 years and 35 years for post-partum hemorrhage. The
respective clinically cutoff ages in primiparae vs. multi-
parae ranged from 27 years to 41 years for cesarean section
(33 years vs. 33 years), placenta previa (31 years vs.
35 years), placenta accrete spectrum (31 years vs. 39
years), gestational diabetes mellitus (27 years vs. 29 years),
hypertensive disorder (37 years vs. 31 years), post-
partum hemorrhage (41 years vs. 35 years), low birth
weight (41 years vs. none), macrosomia (none vs. 41 years),
and neonatal asphyxia (none vs. 41 years) [Figure 2,
Tables 3 and 4].







Maternal age (years) 27.64± 4.19 31.14± 5.09
Maternal residency
Local 62,587 (71.353) 12,540 (61.637)
Nonlocal 25,091 (28.605) 7794 (38.309)
Missing 36 (0.041) 11 (0.054)
Maternal educational level
Graduate or above 47,977 (54.697) 5966 (29.324)
Technical secondary school
and high school
22,890 (26.096) 5989 (29.437)
Junior high school or below 13,962 (15.918) 7401 (36.377)
Missing 2885 (3.329) 989 (4.861)
Maternal self-reported
smoking history
Yes 181 (0.206) 91 (0.447)
No 87,533 (99.794) 20,254 (99.600)
Maternal self-reported
drinking history
Yes 805 (0.918) 164 (0.806)
No 86,909 (99.082) 20,181 (99.194)
Maternal BMI at first
antenatal visit
<19 kg/m2 9474 (10.801) 1543 (7.584)
19–23 kg/m2 29,577 (33.720) 6192 (30.435)
>23 kg/m2 13,911 (15.859) 3154 (15.503)
Missing 34,752 (39.620) 9456 (46.478)
Maternal diabetes
mellitus history
Yes 57 (0.065) 17 (0.084)
No 87,657 (99.935) 20,328 (99.916)
Maternal chronic
hypertension history
Yes 90 (0.103) 65 (0.319)
No 87,624 (99.897) 20,280 (99.681)
Maternal abortion history
No 56,894 (64.863) 9747 (47.909)
Yes 30,819 (35.136) 10,598 (52.091)
Missing 1 (0.001) 0
Data are presented as n (%) or mean ± standard deviation (SD). BMI:
Body mass index.
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Our post-hoc subgroup analysis revealed a similar trend
of GDM with maternal age in the normal BMI group and
the overweight group. Maternal BMI appeared to exhibit
a synergistic additive interaction with maternal age in
terms of GDM prevalence [Figure 3]. A small interaction
was observed between maternal age and BMI. The
relative excess risk interaction, synergy index, and
attributable proportion due to interaction were 0.051
(95% confidence interval [CI]: 0.016–0.104), 0.033 (95%
CI: 0.012–0.059), and 1.108 (95% CI: 1.052–1.160),
respectively.
Discussion
In this large multicenter cohort study, statistically signifi-
cant and clinically meaningful cutoff maternal ages were
optimized for specific adverse pregnancy outcomes in
primiparous and multiparous women in urban China. The
clinically meaningful cutoff ages were less than 35 years for
gestational diabetes and cesarean section in both nullipa-
rous and multiparous women, for placenta previa and
placenta accreta in nulliparous women, and for hyperten-
sive disorder in multiparous women. It was suggested that
a targeted intervention strategy should be adopted before
the maternal age of 35 years to avoid these outcomes. On
the contrary, the effects of maternal aging on most
neonatal outcomes were not clinically significant until 41
years of age.
In this study, both statistical significance and clinically
meaningful cutoff ages were assessed as risk factors for
each adverse outcome. In some cases, the difference was
too small to be clinically alarming, however, statistical
significance was still observed for such outcomes due to the
large sample size that was powerful enough to detect small
changes in the risk between the age groups. In a previous
report, the increased risk was not considered large enough
and the authors recommended that it should be interpreted
cautiously if P was less than 0.05 and aOR was not larger
than 2.0.[6] In clinical practice, however, the actual
magnitude of the difference is more important than the
statistical significance. In our study, the risks increased by
two-fold for gestational diabetes at the age of 27 years in
nulliparous and 29 years in multiparous women, and
similar changes for cesarean section were noted at 33 years
of age. Therefore, the strategy of prevention and treatment
against the influence of maternal age on certain outcomes
should be considered in women aged less than 35 years,
and even at 30 years, irrespective of the public health
policy or clinical practice.
The trends of pregnancy outcomes in this study were
similar to those reported in other studies, most of which
demonstrated a continuous linear association of outcomes
withmaternal age.[1,2,6] Only the association with pre-term
labor, asphyxia, and NICU admission demonstrated a J-
shaped trend. Statistical cutoff ages for each obstetric
outcome ranged from 25 to 41 years and varied for each
outcome. In previous studies, advanced maternal age was
defined as that not less than 35 years based on decreased
fertility, increased miscarriage, chromosomal abnormali-
ties, hypertensive disorder, and stillbirth in women in this
group.[17] However, recent reports have indicated that the
effect of maternal age on adverse pregnancy outcomes
seems to be continuous and linear and could exist before
the maternal age of 35 years and vary for different
outcomes.[2] The risk of fetal death was reported to be
higher in women aged 30 to 34 years than in women aged
25 to 29 years,[18] and the risk of pre-term birth has
been reported to increase since the age of 30 years.[19]
Klemetti et al[7] found that the statistical threshold age for
each adverse outcome – including maternity care and
maternal and neonatal health outcomes – ranged from
25 to 38 years in nulliparous women, with women aged
20 to 24 years serving as the reference.







Adverse maternal health outcomes
Delivery mode
Eutocia 38,399 (43.778) 9835 (48.341)
CS 48,093 (54.829) 10,414 (51.187)
Forceps 1216 (1.386) 96 (0.472)
Missing 6 (0.007) 0
Placenta previa 970 (1.106) 360 (1.769)
Missing 33 (0.038) 8 (0.039)
Placenta abruption 422 (0.481) 157 (0.772)
Missing 5 (0.006) 2 (0.010)
Placenta accrete
spectrum disorders
916 (1.044) 300 (1.475)
Missing 7 (0.008) 2 (0.010)
PPH 3138 (3.578) 759 (3.731)
Missing 0 0
AFE 39 (0.044) 21 (0.103)
Missing 3 (0.003) 1 (0.005)
Pulmonary embolism 2 (0.002) 2 (0.010)
Missing 1 (0.001) 0
ICP 950 (1.083) 195 (0.958)
Missing 0 0
Anemia 4936 (5.627) 1739 (8.548)
Missing 11 (0.013) 3 (0.015)
Hypertensive disorder 4271 (4.869) 1307 (6.424)
Missing 0 0
Gestational diabetes 4118 (4.695) 864 (4.247)
Missing 133 (0.152) 34 (0.167)
Adverse perinatal outcomes
Pre-term birth 5645 (6.436) 1977 (9.717)
Missing 0 0
Low birth weight 4995 (5.695) 1467 (7.211)
Missing 1368 (1.560) 422 (2.074)
Macrosomia 4495 (5.125) 1284 (6.311)
Missing 1368 (1.560) 422 (2.074)
Neonatal asphyxia 2459 (2.803) 849 (4.173)
Missing 2923 (3.332) 365 (1.794)
Still birth 133 (0.152) 41 (0.202)
Missing 164 (0.187) 75 (0.369)
NICU 2015 (2.297) 768 (3.775)
Missing 297 (0.339) 116 (0.570)
Data are presented as n (%). CS: Cesarean section; PPH: Post-partum
hemorrhage; AFE: Amniotic fluid embolism; ICP: Intra-hepatic choles-
tasis of pregnancy; NICU: Neonatal intensive care unit.
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We found that the risk of cesarean section was linearly
related to maternal age and was clinically significant at
33 years in both nulliparous and multiparous women.
However, the threshold age for cesarean section was
reported as 25 years in nulliparous women in a study from
Finland.[7] Most studies have reported that the cesarean
section rate significantly increased in women aged 35 or
40 years.[1,3,20,21] Song et al[22] reported that the risk of
cesarean delivery increased 7.4-fold in women aged more
than 35 years, as compared with women aged less than
25 years in Beijing.
In our study, the risk of gestational diabetes was linearly
associated with maternal age and significantly increased
beyond the cutoff age of 25 years, which is similar to that
previously reported in nulliparous women.[7] Lao et al[23]
reported that the risk in women aged 25 to 29 years
increased 2.59 times compared to that in women aged
20 to 24 years. Our results also demonstrated two-fold
increased risk in nulliparous and multiparous women at
cutoff ages of 27 and 29 years, respectively. As the average
childbearing maternal age is 28.2 years in China, the cutoff
age of 30 years should be considered in clinical practice for
stronger prevention, screening, and intervention strategies.
Our study demonstrated that the statistical and clinical
cutoff ages for hypertensive disorder in pregnancy were
younger in multiparous women (27 and 31 years,
respectively) than in nulliparous women (31 and 37 years,
respectively). Most previous studies had focused on
Figure 1: OR of adverse outcomes in primiparae and multiparae adjusted for location of the hospital, educational level, and residence status. (A) Maternal outcomes in primiparae. (B)
Maternal outcomes in multiparae. (C) Neonatal outcomes in primiparae. (D) Neonatal outcomes in multiparae. OR: Odds ratio.
Figure 2: Statistically significant ages (aOR> 1 and P< 0.05) and clinically significant ages (aOR> 2 and P< 0.05) of adverse pregnancy outcomes in (A) primiparae and (B) multiparae,
compared with 20 to 24 years. NICU: Neonatal intensive care unit; aOR: Odds ratio adjusted for location of the hospital, educational level, and residence status; CI: Confidence interval.
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nulliparous women to investigate the influence of maternal
age on hypertensive disorders[6,12]; however, only few
have focused on the effects of parity. Ngowa et al[24]
reported that the risk of pre-eclampsia increased by 2.4
times in multiparous women older than 40 years as
compared to that in women aged 20 to 29 years, with
similar risks in nulliparous women. This disparity may be
attributable to the variations in the etiology of hyperten-
sion disorders between nulliparous and multiparous
women. Alterations in maternal immune adaption are
generally believed to cause pregnancy complications like
pre-eclampsia because maternal immunity has to adapt
and tolerate the invasion of allogeneic feto-placental tissue
during the first pregnancy and less so in subsequent
pregnancies.[25] Pre-eclampsia in nulliparous women was
more likely to be associated with disruption of the
maternal immune adaption than that in multiparous
women.
This study has some limitations. First, some potential
confounders, such as body weight index, medical history,
use of assisted conception, and smoking history, were not
adjusted because of limited data. Second, pregnancy
complications or adverse pregnancy outcomes with low
incidence (<1%) were not included in the final analysis.
Third, women aged no less than 41 years were categorized
into one group because of the small number of
participants; further studies are needed to more accurately
identify the threshold ages in women over 41 years.
Fourth, our data from different centers may have some
internal heterogeneity in diagnostic criteria, which may
have resulted in some bias. However, the diagnoses at each
center were mostly based on the temporary domestic
diagnostic criteria and the data extraction was performed
by trained doctors to reduce the bias. We adjusted for the
location of the hospital to eliminate the effects of center
bias on our results.
Furthermore, the age at delivery was used instead of the
age at fertilization as the maternal age in the study
because of the limitations of the data source. However,
this does not affect our conclusions due to the following
reasons. First, most of the outcomes studied occur in the
third trimester, close to the age at delivery. Second, the
age at delivery was the same as, or 1 year older than, the
age at fertilization when recorded as an integer.
Moreover, 2-year age groups were employed in this
study. Therefore, the difference in the definition of
maternal age may only lead to a slightly older clinically
cutoff age than what has been reported here; therefore,
our finding that the risk of some adverse outcomes
may reach clinical significance before 35 years of age
remains valid.
In conclusion, optimized cutoff ages should be determined
individually for different pregnancy complications and
adverse neonatal outcomes. Our study suggests early
cutoff childbearing ages for GDM (27 years in nulliparous
and 29 years in multiparous women) and cesarean section
(33 years in both nulliparous and multiparous women),
that would warrant further clinical interventions, policies,
resource allocation, and social security to prevent major
adverse outcomes.
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